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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
Washington, D.C. 20546 



FUTURE AUTOMATED SPACE MISSION REQUIREMENTS 

Edgar M. Cortright 
Deputy Associate Administrator for 
Space Science and Applications 
National Aeronautics and Space Administration 

The long range plans of the National Aeronautics 
and Space Administration continue to place heavy reliance 
on automated spacecraft . This strategy is based on nine 
years of highly successful and rewarding experience with 
such equipment . 

During the past two years, automated spacecraft have 
demonstrated striking advances in effectiveness, durability, 
and versatility. They have provided most of our new 
scientific data from space, and they have yielded most 
of our practical applications of space flight. 


Presented at the NASA/EIA Briefing on Aerospace Electronic 
Systems Technology, Cambridge, Massachusetts, May 3, 1967. 


rrvfcCEDING PAG?. Bi/ N'K NOT 


During the next few years, man will emerge as a useful 

explorer, experimenter, and operator in space. His attention, 

however, will generally be directed to those areas which can 

< 

make ju} situ use of his unique capabilities as a thinking 
servomechanism. For exploring the farthest reaches of space, 
for probing its most unknown and hazardous regions, for 
continuous monitoring of its many diverse phenomena, for day-in 
day-out practical utility, and as the precursors of all space 
activity, automated spacecraft will remain our mainstay. 

The previous paper has outlined some of our future 
manned space mission planning. This paper will review the 
results of several years of planning for future automated 
space missions. Together, they should depict the balanced 
mix of automated and manned missions which will characterize 
the space program of the 1970's. 

Most of the new mission opportunities which I will discuss 
today are further defined in the program description documents 
which have been provided you as handouts . 



AUTOMATED SPACECRAFT FLIGHT RECORD 
(Fig. 1) 

This figure formalizes the spacecraft performance 
record since the beginning of the United States space 
program in 1958. The list excludes 28 attempted flights 
where launch vehicle failures did not give the space- 
craft an opportunity to perform. All but four of these 
occurred prior to 1963. Some of the very early missions 
such as the early lunar Pioneers have been somewhat 
arbitrarily designated successful despite limited mis- 
sion results because the spacecraft themselves performed 
satisfactorily. In general, this figure indicates a 
98% success record for the spinning or tumbling space- 
craft, a 70% success record for 3-axis stabilized 
spacecraft, and an overall record of 90% successful. 
Furthermore, the complex lunar, planetary, and inter- 
planetary spacecraft have achieved a record of 11 successes 
out of the last 12 flights. 
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AUTOMATED SPACECRAFT FLIGHT RECORD 

JANUARY 1958 TO APRIL 1967 

SPACECRAFT I SUCCESS I FAILURE 


Figure 1 
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NOTE: LAUNCH VEHICLE FAILURES EXCLUDED 



AUTOMATED SPACECRAFT DEVELOPMENT EXPERIENCE 

(Fig. 2) 

This figure presents pertinent statistics on the develop- 
ment cost and times for some of the major automated spacecraft 
(including experiments) . The following items are noteworthy: 

Scientific and Geodetic Satellites 

Explorer class satellites are currently running about 
$7 million per spacecraft. 

The Orbiting Solar Observatory, costing $10 million 
per spacecraft and $17 thousand per pound, continues 
to constitute a best buy in fully stabilized systems. 

It has a very high ratio of experiment-to-gross weight. 

Meteorological Satellites 

The Environmental Science Services Administration (ESSA) 
satellites at $3 million per spacecraft and $10 thousand 
per pound constitute a best buy among spin-stabilized 
earth satellites of all types. There has never been a 
mission failure of the TIROS satellites. 

Communications and Technology Satellites 

Our experience in this areas has been outstanding. The 
SYNCOM satellite was among the most productive in terms 
of results and economy. The more recent and ambitious 
Applications Technology Satellite continued this pattern 
with schedule and cost performance within 10% of that pro- 
jected in the initial contract. 

Lunar, Planetary and Interplanetary Probes 

The Lunar Orbiter and the Mariner IV are comparable 
developments and represent our best experience with com- 
plex second generation 3-axis attitude stabilized space- 
craft. Both systems were developed in a very short period 
of time and adhered closely to schedule. As can be seen, 
the cost per pound was comparable for these systems and 
indicates that for spacecraft of this weight and complexity, 
development costs approaching $50 thousand per pound can 
be expected. 


6 


Figure 2 
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AUTOMATED SPACECRAFT LIFETIMES - HIGHLIGHTS 

(Fig. 3) 

This figure summarizes our best experience in 
achieving long lifetimes of automated spacecraft. Among 
the spinning satellites, a 4-year capability has been 
demonstrated by SYNCOM, TIROS, and Alouette. The Orbit- 
ing Geophysical Observatory-1 (despite the early failure 
of the 3-axis attitude control system) has demonstrated 
nearly a 3-year lifetime for a highly complex assembly 
of instruments and data-conditioning and telemetry 
equipment. Nimbus II and Mariner IV, however, have 
demonstrated the potential long life of 3-axis stabilized 
systems. Surveyor and Orbiter have demonstrated a 
capability of achieving 100% design lifetimes on exceed- 
ingly complex missions in orbit about the Moon and on 
the lunar surface. 

It is important to note however that many other 
automated systems which performed sufficiently well to 
be designated mission successes in Figure 1 did not in 
fact achieve their design lifetimes with all experi- 
ments and subsystems functioning properly. 
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Figure 3 
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DESIRED IMPROVEMENTS 
(Fig. 4) 

The earlier figures were designed to demonstrate 
our highly successful experience with automated equipment. 

A great deal remains to be accomplished with such equip- 
ment however. We should achieve average lifetimes of 
greater than 3 years for spin-stabilized spacecraft and 
greater than 2 years for the 3-axis stabilized systems. 
There is really no reason why 5 years or more cannot be 
achieved for many of the missions designed for routine 
monitoring and/or operational service. Whereas some 
projects have done remarkably well in holding to schedule 
and cost targets , the average space project has a history 
very similar to other types of large national research 
and development programs. Schedule and cost slippages 
have averaged about 70% from t.ie initiation of phase C 
effort, and somewhat higher based on preliminary estimates. 
We should have as our goal holding both schedule and cost 
to within 10% of our initial targets. 
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INCREASED AVERAGE LIFETIME IN SPACE 


Figure 4 
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HOW TO IMPROVE 
(Fig. 5) 

I have listed here some of the prime areas on which 
government agencies and their aerospace contractors must 
concentrate if we are to achieve the performance goals 
which we have set. Whereas some of these areas fall into 
the "for motherhood and against sin" category, they should 
not be dismissed as trite. As a matter of fact, all of 
these areas have caused serious problems at one time or 
another among the multiplicity of projects which we have 
conducted. 

Since some programs have largely avoided these pit- 
falls, others can too. It is up to management to provide 
the leadership to shed complacency and poor practices 
where they exist. The space business demands an unflagging 
dedication to excellence. 
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HOW TO IMPROVE 


Figure 5 
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fewer changes during development 



FUTURE USES OF AUTOMATED SPACECRAFT (1967-1985) 

(Fig. 6) 

This figure summarizes most of the areas of activity 
in space in which we will be engaged for the next 15 co 
20 years. I have indicated the probable preferred orbits 
for these mission categories and the minimum mission life- 
times which will be acceptable. Based on these projected 
requirements and our prior experience, I have attempted to 
summarize the suitability of automated and manned space- 
craft for these space missions. Obviously, both are 
required and the proper mix is a matter of judgment based 
on cost effectiveness, growth potential, prestige, and 
what the competition is doing. Generally speaking, auto- 
mated spacecraft are suitable for nearly all of these 
missions. In about half the cases, the automated approach 
appears to be the most practical. In the remaining cases, 
both automated and manned spacecraft are applicable. 

While the automated equipment is generally more cost 
effective, manned systems in some cases have more growth 
potential. 
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Figure 6 
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PHYSICS AND ASTRONOMY - OBJECTIVES AND TOOLS 

(Fig. 7) 

The Physics and Astronomy program is conducted 
with a diverse .nix of earth satellites and deep space 
probes. Explorers are used to investigate and monitor 
the earth's atmosphere, ionosphere, magnetosphere and 
the interplanetary medium immediately beyond the 
magnetosphere boundary. In addition, some Explorers 
are being designed to carry out preliminary astronomical 
studies in the radio and X-ray portions of the electro- 
magnetic spectrum. The Pioneer interplanetary probes 
extend our measurements of solar radiation front the 
vicinity of the earth to widely-separated positions 
around the sun. Earth-orbiting observatories have been 
developed to carry out more sophisticated observations 
of the magnetosphere, the sun, and the stars than are 
possible with the simple Explorers. These equipments 
are being supplemented by manned observatories such as 
the Apollo Telescope Mount which provide resolutions not 
yet available with automated equipment but for shorter 
duration. From our experience with these early obser- 
vatories will come the systems of the 70' s. 
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ORBITING GEOPHYSICAL OBSERVATORY 
(Fig. 8) 

The results of our magnetosphere studies are 
illustrated in this figure. By carrying as many as 
20 separate scientific experiments and a very high band- 
width data communications system, the OGO's have per- 
mitted a very detailed high resolution examination of 
the earth's magnetosphere. The data output of the 
OGO's has exceeded that of all other scientific earth- 
orbiting spacecraft to date. The prime result emerging 
from these data to date has been an appreciation of 
the fluctuating and dynamic nature of the earth's 
magnetosphere caused by the unsteady influence of the 
solar wind and intermittent solar disturbances. 
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Figure 8 
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• HIGHLY VARIABLE FLUX OF LOW ENERGY 
ELECTRONS 



PIONEER AND EXPLORER SHOW SOLAR MAGNETIC FIELD ROTATION 

(Fig. 9) 

Whereas the Orbiting Geophysical Observatory space- 
craft has studied the effect of solar disturbances on the 
earth from within the magnetosphere, our Pioneers and 
Interplanetary Monitoring Platforms have flown beyond 
the boundaries of the earth's magnetosphere to make direct 
measurements of the solar radiation particles and fields. 
This figure shows how the widely separated Pioneer VI and 
Explorer XXVIII demonstrated the rotation of the solar 
magnetic field. A solar disturbance was identified by 
Pioneer VI as a reversal of the solar magnetospheric 
field direction which lasted for about one half hour as 
this solar streamer swept across the Pioneer. Some one 
hour later, this same streamer swept across Explorer 
XXVI i I as demonstrated by the similarity of the magnetic 
field perturbation recorded by that spacecraft. 
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SMALL INTERPLANETARY PROBE PROJECT - SUNBLAZER 

(Fig . 10) 

The Pioneer in situ investigation of solar corona 
is being supplemented by the Sunblazer solar satellite 
proposed by Massachusetts Institute of Technology. These 
small probes will be launched with a 5-stage Scout into 
orbits approaching .5 AU. Although the Sunblazer is 
expected to weigh in the neighborhood of 25 pounds, it 
is designed to intermittently transmit a peak power 
of about 1 kw at 75 MHz and 225 MHz. In a sense, the 
Sunblazer constitutes an interplanetary sounding 
rocket which should be applicable to the study of 
electron density, magnetic field intensity, and plasma 
flow in the solar corona. This figure summarizes some 
of the new technology requirements of this type space- 
craft. 
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SMALL INTERPLANETARY PROBE PROJECT 



COOING TECHNIQUES 



GALACTIC -JUPITER PROBE PROGRAM 
(Fig. 11) 

This program is designed to investigate the solar 
system far outside the earth's orbit. As a result of 
the distance from the sun, solar power must be replaced 
by radioisotope thermoelectric generators (RTG's). In 
addition to extending particle and field measurements 
to the outer reaches of the solar system, perhaps to 
where the galactic field predominates, this probe will 
be designed to fly close to the planet Jupiter for pre- 
liminary observation of that planet. By using the 
immense gravitational field of Jupiter, such a probe 
can be diverted to any place in the solar system, in- 
cluding flights directly into the sun, flights over 
the solar poles, and even flights escaping the solar 
system. These technological advances will be required. 
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GALACTIC - JUPITER PROBE PROGRAM 



ULTRA-LONG LIFE COMPONENTS 



CAPABILITIES OF SOLAR SPACECRAFT 
(Fig. 12) 

In addition to in situ measurements in inter- 
planetary space, the sun may be studied in the more 
classical manner of direct astronomical observations. 

By making these observations from space, the obscuration 
of certain spectral regions by the earth's atmosphere 
is eliminated. Solar observations from space have been 
m?»oe with sounding rockets and three orbiting solar 
observatories. The OSO 1 s provide moderate resolution 
for very long periods of time and hence serve the func- 
tion of monitoring the sun and its disturbances. The 
OSO's will soon be supplemented with the high resolution 
instrument array of the Apollo Telescope Mount. Future 
developments of orbiting solar telescopes will probably 
be in the direction of still larger semi -automated but 
man-tended systems which will provide high resolution, 
long duration and flexible operation. 
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CAPABILITIES OF SOUR SPACECRAFT 


Figure 12 





ORBITING ASTRONOMICAL OBSERVATORY - SCIENTIFIC QUESTIONS 

(Fig. 13) 

The last area of Physics and Astronomy to be covered 
herein is that of stellar astronomy from orbit. This figure 
summarizes some of the known questions which may be answered 
with satellite observatories of which the OAO is the first. 
Beyond the OAO, we anticipate adaption of the Apollo Telescope 
Mount for stellar observation in the ultraviolet. X-ray, and 
gamma ray regions. Stellar astronomy of the 1970's is 
expected to move in the direction of large and versatile 
semi-automated but man-tended systems. Radio astronomy will 
be included. 

While we are not yet ready to report the results of 
our studies of the large orbiting astronomical observatories 
of the future, I can state a firm conviction that such 
observatories will become a major goal of the space program. 
The technological requirements will relate to reproducing 
the qualities of large earth-based observatories in orbit. 
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ORBITING 

ASTRONOMICAL OBSERVATORY 

SCIENTIFIC QUESTIONS 


Figure 13 
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MILKY WAY IN SAGITTARIUS 



SPACE APPLICATIONS 
(Fig. 14) 


One area of the NASA program which is certain to 
expand is that of space applications. This program 
has been one of our most successful efforts. It has 
yielded operational meteorological, communications, and 
navigation systems. Furthermore, geodetic satellites 
are filling a semi-operational role. The economic and 
social impact of these systems is already being felt 
and the future operations which have already been 
identified are even more promising. In fact, it seems 
probable that the economic benefits derived from satel- 
lite applications will some day pay for not only the 
applications program but a major portion of the entire 
space program. This figure outlines some of chese 
opportunities. The area of earth resources surveys is 
the newest application and one of the most exciting. 

Its development is receiving attention from various 
agencies in the U. S. government and various nations 
abroad . 
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Figure 14 
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AGRICULrURE & FORESTRY 
WATER RESOURCES & POLLUTION CONTROL 
OCEANOGRAPHY 



GEODETIC SATELLITE PROGRAM 
(Fig. 15) 

Already geodetic satellites have made dramatic 
advances in defining the geoid of the earth and in 
establishing a world-wide network of control points 
which will ultimately tie together the 14 major and 
60 minor geodetic datum systems of the world. Some 
of the new technology required for advanced geodetic 
systems is outlined in this figure. Ultimately 
position accuracies of better than one foot appear 
possible. Some of the applications of the accurate 
geodetic information made possible by geodetic satel- 
lites are precision location of space tracking 
systems, precision determination and adjustment of 
orbits and trajectories, simplified mapping of the 
uncharted areas of the world, glacier tracking of 
land motions and continent drift, determination of 
the ocean surface shape by direct measurement, deter- 
mination of fault displacement associated with seismic 
activities, and others. 
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Figure 
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SATELLITE COMMUNICATIONS CAPABILITIES 

(Fig. 16) 

Transoceanic television capability is already an opera- 
tional reality which is operating in the black. Yet this if 
only the beginning of what will soon become a gigantic step 
forward in worldwide communications via satellites. Some of 
the opportunities which lie ahead are shown in this figure. 
Point to point communications between single large stations 
will soon be expanded to permit multiple access by many users. 
The power gain and pointing accuracy of communications satel- 
lites will soon permit regular and economical navigation and 
traffic control of all the aircraft and ships of the world. 
Satellites with these capabilities can also be used to com- 
municate with other spacecraft in orbit about the earth, 
the Moon, or the planets. By increasing the power supply 
of such a satellite, FM radio and television can be broad- 
cast into relatively inexpensive receivers located in small 
communities all over the world. Still further increases in 
the power will permit broadcast directly into home sets of 
current receiving capability. These broadcast satellites will 
improve the quality and decrease the operating costs of exist- 
ing distribution systems. They will preclude the necessity 
of establishing elaborate ground-based distribution systems 
in the developing nations of the world. 
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SATELLITE COMMUNICA TIONS CAPABILITIES 

POINT TO POINT I MULTIPLE ACCESS I NAVIGATION/TRAFFIC CONTROL 


Figure 16 
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APPLICATIONS TECHNOLOGY SATELLITE - ATS-1 RESULTS 

(Fig. 17) 

New applications in meteorology, communications , 
navigation and traffic control are being pioneered with 
Applications Technology Satellites. This figure illustrates 
some of the dramatic accomplishments of the ATS-1 launched 
late last year. Continuous observation of the entire disk 
of the earth is possible. Three such satellites with zoom 
lens capability would permit an operator at a single console 
at a world weather station to continuously monitor the 
weather of the entire earth and to study in detail areas of 
interest or concern. The potential for air traffic control 
over the increasingly crowded transAtlantic routes has 
already been demonstrated with crystal clear two-way voice 
communications between East coast stations and aircraft as 
far away as the Western Pacific. The airborne equipment 
is relatively modest even with this simple satellite. 
Multiple access voice communication has been demonstrated 
and an electronic despun antenna has provided us with 
relatively high gain. 
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APPLICATIONS TECHNOLOGY SATELLITE 

ATS-1 RESULTS 



MULTIPLE ACCESS - VOICE 






APPLICATIONS TECHNOLOGY SATELLITES - F & G 

(Fig. 18) 

The next step in applications technology satellites 
is illustrated in this figure. This 30-foot parabolic 
antenna is good to 10 GHz and will provide precision 
pointing and high-gain communications. The applications 
of such a satellite and its technology are many and 
contribute dramatically to all applications areas which 
I have already identified. To illustrate the communi- 
cations potential of this spacecraft, person-to-person 
communications with back -pack transmitter and receiver 
systems would be possible via this satellite. From 
this technology will evolve the operational satellites 
of the 1970's. 
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APPLICATIONS TECHNOLOGY SATELLITE - F & G 


Figure 18 
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EARTH SATELLITE TRACKING CAPABILITY 



NAVIGATION/TRAFFIC CONTROL SATELLITES 

(Fig. 19) 

Although it is quite likely that satellites of the 
Applications Technology Satellites F & G configuration 
may be applied to the navigation and traffic control 
role, even simpler satellites can suffice. Some of the 
technology required for these systems is indicated in 
this figure. These techniques will permit continuous 
all-weather navigation and communications capability 
over the entire globe. Navigation accuracies of a mile 
or better are achievable. Not only will these systems 
contribute to flight safety, but in the event of an 
accident, they will provide instant detection and 
location of distress signals. The traffic control 
potential will make possible sizeable cost savings 
through more efficient operations. 
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navigation/traffic control satellites 


Figure 19 






VOICE BROADCAST SATELLITES 
(Fig. 20) 

The problems of voice broadcast satellites are 
somewhat different from television broadcast unless 
the voice broadcast is in the ultra high frequency 
range. For the next decade or so, there will be 
far more radio sets around the world than television 
sets. Should direct communication with these sets 
be desired, lower frequencies, higher powers, and 
large antennas will be required. The motivation to 
expand this capability lies in the short range line 
of sight limitation on FM transmission and the 
uncertain quality of regular and short wave AM 
transmission. A large fraction of the world's people 
can be reached at these frequencies for educational, 
cultural, and informational purposes. 
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VOICE BROADCAST SATELLITES 


Figure 20 
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TV BROADCAST SATELLITES 
(Fig. 21) 

I have already introduced the concept of direct 
broadcast of television into the home via satellites 
and have mentioned some of the technology required. 
This figure further elaborates on the technological 
advancements required for both the broadcast of com- 
munity TV and direct TV into the home. It seems 
highly likely that this technique will replace current 
distribution techniques within the next ten or fifteen 
years and perhaps sooner, not only for developing 
nations but for countries, such as the United States, 
which already have elaborate earth based distribution 
systems. The satellite system should more than pay 
for itself in reduced cost of operations. 
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SATELLITE CONTRIBUTIONS TO WEATHER PREDICTION 

(Fig. 22) 


Since the beginning of the space program, it has been 
recognized that the earth satellite offers the meteorologist 
his only hope of obtaining continuous global observations of 
the atmospheric parameters required to permit long-range 
weather prediction. This figure illustrates the nature of 
the problem. For short-term, high-intensity storms of from 

one to ten miles in size and from one to ten hours in duration, 
continuous observation is required. This observation of 
tornado and thunderstorm systems can best be accomplished 
by weather satellites at the synchronous altitudes. These 

satellites can also observe some properties of very large 
atmospheric disturbances including hurricanes, cyclones, and 
global waves ranging from 100 to 10,000 miles in size. It is 
these larger disturbances which must be analyzed to permit 
predictions of up to two weeks. However, these long-range 
predictions require measurement on a fairly tight global grid 
of pressure, temperature, density, humidity, wind velocity, 
and radiative flux. These detailed measurements can best 
be obtained in the foreseeable future from low altitude 
satellites. Current operational systems have enhanced the 
three-day predictions. Future operational systems with im- 
proved sensors should extend the forecast capability to about 
two weeks with projected annual savings of several billion 
dollars to farmers, manufacturers, construction companies, 
resort operators, entrepeneurs of all types, and even individua 
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SATELLITE CONTRIBUTIONS TO 
WEATHER PREDICTION 


Figure 22 
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ESSA II ADDS APT 
(Fig. 23) 

Our current operational weather satellite 
system makes use of two satellites: one to broad- 
cast continuously the view beneath it, and one to 
store the cloud photographs for reproduction within 
the United States. The automatic picture trans- 
mission is received by more than 150 inexpensive 
stations around the world. Two such stations 
located on the east and west coasts of the United 
States daily obtain the dramatic coverage shown in 
this figure, which spans over 8,000 miles from east 
of Iceland to west of Hawaii. 
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ESSA III 24-HOUR WORLD CLOUD COVER, JANUARY 6, 1967 

(Fig. 24) 

This figure illustrates the current capability 
of the ESSA satellites to collect global cloud data 
on a daily basis. Such information is being simpli- 
fied in information content by ESSA and transmitted 
on a global basis each day. It is being used 
routinely by operators of both military and civilian 
aircraft . 

The Soviet Union is cooperating in the collection 
and exchange of satellite weather data. Weather pre- 
diction is a common problem to all the peoples of the 
world and has long enjoyed an atmosphere of inter- 
national cooperation. 


50 



w 


Figure 24 
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THE WEATHER CHANGES - DAY BY DAY 
(Fig. 25) 

The tremendous advantage of the synchronous 
orbit for simple cloud cover data collection opera- 
tions is illustrated in this figure which shows a 
12-day sequence of the weather over the entire 
Pacific from the Americas to the Far East. Time- 
lapse films of such photographs are being prepared 
to study the dynamics of the global atmosphere 
over a period of months. 
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NIMBUS II MULTI -SPECTRAL IMAGING 
(Fig. 26) 

The advantages of the lower orbit satellites 
are illustrated by this figure, although, as a 
matter of fact, this infrared imaging is adaptable 
to synchronous orbits . The MRIR system views the 
earth in the fiv' vidicated wavelengths. The strips 
are each 2,000 miles wide and circle the globe from 
pole to pole. Notice the subcontinent of India at 
30°N 80°E . The Nimbus satellite has been used to 
develop all of the new detectors which have been 
fed into the operational meteorological satellite 
system. The Nimbus II has demonstrated its ability 
to function undei full earth-pointing attitude control 
for at least one year. 
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Figure 26 
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NIMBUS PROGRAM (E & F) 

(Fig. 27) 

The new sensors and techniques required to obtain the 
global data required for long-range weather forecasting 
place heavy demands on the research and development space- 
craft of the future. There is a clear need for more weight, 
more power, and the ability to carry many detectors simul- 
taneously. It appears that a relatively modest upgrading 
of the Nimbus system will suffice for this purpose for 
perhaps another decade. The follow-on Nimbus configuration 
shown here involves the simplified and improved attitude 
control system and a larger solar array. It is otherwise 
similar to the current Nimbus spacecraft. The new technol- 
ogy required is in the area of sensors to measure indirectly 
atmospheric parameters or to collect data from balloons and 
surface stations around the globe. These technologies are 
exceedingly difficult, but the tremendous potential asso- 
ciated with success dictates an intensive effort to develop 
them . 
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NIMBUS PROGRAM (E & F) 
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Figure 27 
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ATMOSPHERIC PARAMETERS [TEMPERATURE. 
PRESSURE. HUMIDITY . WINDS] 




SYNCHRONOUS METEOROLOGICAL SATELLITE PROGRAM 

{Fig. 23) 

The Applications Technology Satellite has 
demonstrated the potential of synchronous 
meteorological satellites sufficiently well that 
the pressures to enhance the operational system 
with synchronous satellites are mounting. To make 
such a system yield its maximum potential at an 
early date requires the technological advances 
indicated in this figure. 
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EARTH RESOURCES SURVEY PROGRAM - APPLICATIONS 

(Fig. 29) 


The last applications area which I will discuss 
is that of earth resources survey. This figure lists 
the areas of potential applicability of such a survey 
and is self-explanatory. Although the techniques of 
data collection, analysis, and application remain to 
be developed in the years ahead, there is widespread 
agreement that the potential is tremendous. With the 
expanding world population, it seems self-evident that 
monitoring and management of the earth's resources 
will become essential and that centralized efforts 
will be required to optimize the effective preserva- 
tion and utilization of these resources. 


EARTH RESOURCES SURVEY PROGRAM 

APPLICATIONS 


Figure 29 
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GEOLOGICAL ANALYSIS OP GEMINI PHOTO 
(Fig. 30) 

One of the taott obvious and immediately useable 
potentials of earth resources satellites is that of 
geology, as illustrated in this figure. Satellite 
geodetic mapping on a global basis is less expensive 
than accomplishing the same task with aircraft. 
Furthermore, the overview in color provides informa- 
tion not readily discernible in aircraft mosaics. 

In addition to the scientific benefits of such 
geodetic surveys, there are many practical applica- 
tions including land development and the location of 
oil and mineral deposits. Were time to permit, each 
of the other aforementioned earth resources areas 
could be illustrated in an equally dramatic fashion. 
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Figure 30 
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EARTH RESOURCES SURVEY SATELLITES 
(Pig. 31) 

The survey of earth resources from orbit may 
be conducted with either manned or automated satel- 
lites and it remains to be determined whirh will 
carry the bulk of the work load. Perhaps the 
sensors will be developed as part of the operation 
of a manned earth-orbiting space station and later 
incorporated into an operational automated survey 
satellite of the type shown here. On the other hand, 
initial developments could be made using improved 
TOS weather satellites or the Nimbus. Whichever 
approach is used, the indicated technology will be 
required . 
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EARTH RESOURCES SURVEY SATELLITES 




LUNAR PROGRAM EVOLUTION 
(Fig. 32) 

The evolution of the country's program to explore the 
Moon has proceeded in a logical manner and points the way 
to the planets. Ranger gave us an early view of the lunar 
surface at high resolution and permitted us to refine both 
our concepts of the lunar small-scale topography and to 
plan more effectively our later explorations of the Moon. 

The combination of the Lunar Orbiter working in conjunction 
with the Surveyor has proven to be an extremely effective 
approach both in the search for manned landing areas and 
for broadening our understanding of the nature of the Moon. 
With the landing of Apollo, we will be able to carry out 
selective sampling of the lunar material and to emplace 
semi-permanent automated scientific stations. Still further 
into the future, man will carry out geological traverses 
with the aid of vehicular transportation. 
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LUNAR PROGRAM EVOLUTION 


Figure 32 





SURVEYOR I RESULTS 
(Fig. 33) 

The results of these programs are summarized in the 
next few figures. Here we see some good examples of the 
Surveyor I photography. The mosaic in the lower part of 
the figure is a partial panorama which shows a cratered and 
debris-strewn plain in the Ocean of Storms. Using the zoom 
lens capability of Surveyor’s television camera, the 1" to 
2" footprint made by each of Surveyor's landing pads is 
shown in the upper left. The material is seen to consist 
of fine-grained particulate material of moderate cohesive- 
ness. It was interpreted to have a consistency much like 
that of dry silt. It could be readily scooped up with 
one's hands and yet, with a bearing strength of about 
6 lbs. per sq. in. at the surface, would be sufficiently 
firm for LEM landings and for the astronauts to walk upon. 

A magnification of one of the many rocks which letter the 
lunar surface is shown in the top center. In the upper 
right is a distant ro;k field associated with a large 
crater in the vicinity of the Surveyor landing site. 
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SURVEYOR I RESULTS 
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ORBITER III PHOTOGRAPHS SURVEYOR I 

(Pig. 34) 


The first three Lunar Orbiters surveyed about 
35,000 square miles of more than 20 primary Apollo landing 
sites. In addition, some 600,000 square miles area of 
secondary sites were photographed plus over 3-1/2 million 
square miles of lunar far side. This figure shows an 
oblique photograph taken of the Surveyor I landing area 
with an illustration of the manner in which triangulation, 
based on Surveyor’s mountain photography, was used to help 
pinpoint Surveyor's location. The center photograph shows 
the Surveyor landing site, as viewed with the Orbiter’s 
high resolution (1 meter) camera. The right-hand photograph 
is an enlargement which shows the Surveyor itself, its 
shadow, and the rock craters which correlate precisely with 
the panorama from the surface. This combination of surface 
and orbital photography greatly enhances our understanding 
of the terrain and increases our ability to extrapolate our 
findings to other areas. 
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ORBITER III PHOTOGRAPHS SURVEYOR I 
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SURVEYOR III DIGS TRENCH 
(Fig. 35) 
v 

Surveyor III landed in a crater on the Moon at a 
position 23.4° West and 2.9° South in one of the potential 
Apollo landing zones . It was equipped with a small digging 
device which in this photograph has partially completed 
digging a trench. This device is equipped with strain 
gages and has been calibrated against known materials on 
the earth so as to yield relatively good information on 
the mechanical properties of the lunar surface to a depth 

of about 18 inches. At the time of this writing, the 

% 

experimenters had confirmed that the material, was composed 
of moderately cohesive fine particles plus larger chunks 
of debris. It further showed that the bearing strength 
in the top inch or two did not exceed the 6-pound-per- 
square-inch value inferred from Surveyor I, but it seemed 
somewhat stronger beneath the surface. It is hoped that 
the experimenters will be prepared to release more informa- 
tion by the time this paper is presented. 
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Figure 35 
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SURVEYOR PROGRAM 
(Fig. 36) 


The post-Apollo program for lunar exploration 
has been under careful study for several years. Our 
hopes include an extended capability for manned 
exploration , possibly combined with continued utili- 
zation of Surveyor and Orbiter-type equipment to 
investigate regions not suited for manned e3q>loration 
or perhaps in advance of eventual manned ejqploration. 
The first priority is to increase man's mobility on 
the surface. Beyond that, the Surveyor can be up- 
rated to do a more complete examination of its landing 
area. This would include providing advanced instrumen- 
tation to conduct mineralogic analysis, provision for 
surface mobility with small lightweight rovers, and 
provision of nuclear power supplies to supplement 


solar power. 


Figure 36 
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PLANETARY PROGRAM EVOLUTION 
(Fig. 37) 


Planetary exploration strategy is evolving in a manner 
similar to that which we have used so effectively on the Moon. 
Mariners II and IV successfully accomplished preliminary flybys 
of Venus and Mars respectively. This summer we will launch a 
second Mariner flyby of Venus which will go much closer to the 
planet and obtain more detailed measurements. In 1969, we 
will fly two considerably uprated Mariners past the planet Mars 
for more thorough photographic coverage of the surface and a 
more detailed analysis of the atmospheric density and composi- 
tion. By 1971 and 1972, we hope to have modified this 1969 
version of the Mariner to again fly past the planets Mars and 
Venus, but this time to deliver several-hundred-pound probes 
into their atmospheres. In the case of Mars, this probe would 
obtain detailed pressure, temperature, and composition measure- 
ments, but would not survive impact. Because of the increased 
density of the Venus atmosphere, however, the probe might either 
survive landing or might release a balloon to float in the 
atmosphere of Venus for continued observations. To reach the 
surface of Mars and carry out scientific investigations 
including a search for extraterrestrial life requires space- 
craft of the Voyager class. Such missions are planned for 
1973 and beyond for Mars, and somewhat later for Venus. 

Voyager constitutes the most important U.S. step in 
space exploration since the initiation of Apollo. 
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MARINER IV - MARS PHOTOS 
(Fig. 38) 

The prior results of our planetary exploration program 
are highlighted by these four photographs of Mars obtained by 
Mariner IV in 1965. For the first time, we observed* the Mars 
topography to be remarkably like that of the Moon with a 
crater density and appearance closely corresponding to those 
observed on the Moon. These observations were based on a 
1% sampling and we may expect some surprises, however. 
Although the Martian atmosphere was measured to be less 
than 1 % as dense as that of the earth, laboratory tests 
have shown that such an atmosphere with a small amount of 
water is sufficient to sustain some types of life in the 
Martian temperature cycle. Whether such life exists on 
Mars, has existed in the past, or might be sustained in the 
future is one of the most compelling questions in the space 
program, and, for that matter, in science generally. It has 
been endorsed by the Space Science Board as one of the prime 
goals of the space program for the 1970 's. 

Voyager is designed to reach this goal. 


78 


MARINER IV- MARS PHOTOS 


Figur* 38 



79 




MARINER PROGRAM 
(Fig. 39) 

The Mariner spacecraft evolution is shown in 
this figure,- including those new technological require- 
ments needed to support them. It is important to 
notice that the Mariner *71 will serve as a technical 
pilot model or pacesetter for the Voyager '73 missions 
in that many of the new technologies required for 
Voyager will also be required for Mariner. Further- 
more, the Mariner '71 data return will be applicable 
to refining the Voyager hardware, its mission profile, 
and its operations to obtain maximum returns from 
Voyager . 
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EVOLUTION OP VOYAGER 
(Fig. 40) 


The Voyager system has developed over a period of years 
beginning as far back as I960, when we determined that a space- 
craft of the Saturn-launched class would be required for 
automated surface exploration of Mars. Since then, the system 
concept has evolved logically from other developments in the 
space program. For example, the Mariner IV developed the 
technology to navigate to other planets with great precision. 

The Lunar Orbiter developed the technology to orbit a distant 
celestial object and tp adjust the orbit for observational 
purposes with great precision. The Orbiting Geophysical 
Observatory and the Nimbus developed the technology of continuous 
and simultaneous pointing towards the planetary surface and 
celestial objects. The orbiting portion of the Voyager system 
will directly make use of these technologies. The landing 
portion of the Voyager system has evolved from the Surveyor 
and the Apollo Lunar Module. Surveyor first developed the 
technology of conducting a closed-loop rocket landing under 

the control of an onboard radar system. The LM has refined 
this system. The ballistic missile systems and the Apollo 
command module have developed the aeroshell technology for 
thermal protection during aerodynamic braking. The combined 
Voyager capsule assembly and the Voyager orbiter constitute 
the planetary vehicle, two of which will be launched with a 
single Saturn V at each opportunity. 
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VOYAGER PROGRAM 
(Fig. 41) 


Although many of the Voyager technologies have 
evolved from prior experience, new technologies are 
required as indicated in this figure. One of the 
most significant of these is the requirement to 
sterilize all portions of the system which will 
enter the Martian atmosphere and land on the surface. 
An equally demanding technology is that of developing 
an integrated set of life detection experiments which 
would, in effect, constitute an automated and re- 
programmable biological laboratory. Both of these 
technologies are extremely challenging for the aero- 
space industries of this country and the biological 
community. In my view, they hold great promise for 
important technological spin-off for both industrial 
and medical purposes. Needless to say, reliability 
of the Voyager systems must approach 100 percent . 
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LAUNCH VEHICLE PERFORMANCE AND 
AUTOMATED MISSION REQUIREMENTS 
(Fig. 42) 

The launch vehicles required for the various missions 
I have outlined in this talk are summarized in this figure. 

The current family of launch vehicles through the Atlas 
Centaur and Titan III-C will suffice for some of the new 
missions. The most demanding of the missions - Voyager - is 
adequately handled by the Saturn V. A number of missions are 
identified, however, for which no existing launch vehicle 
adequately fills the bill. For example, two classes of 
broadcast TV satellites are too heavy for the existing launch 
vehicles other than Saturn V, and too light to justify the use 
of the costly Saturn V. In addition, the very-high-velocity 
Jupiter missions cannot be launched with any current launch 
vehicle. These deficiencies can be met with relatively simple 
combinations of existing stages, however. For example, the 
addition of a solid propellant kick stage to the Atlas Centaur 
will provide marginal capability for the Galactic Jupiter probe. 
Still better capability can be provided by mating the Centaur 
stage to the Titan III-C, the Titan III-M, or the Saturn I. 

This will also provide a vehicle adequate to handle the initial 
television broadcast satellites. Broadcast satellites for TV 
directly into home receivers, however, will require a still 
greater capability which could be met by the Saturn V, but 
more economically by a 260" solid-propellant first stage 
carrying Saturn IV-B and Centaur upper stages . 
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AUTOMATED MISSION REQUIREMENTS 


Figure 42 



CANDIDATE VEHICLES FOR FUTURE AUTOMATED MISSIONS 

(Fig. 43) 

This figure illustrates the candidate vehicles 
for future automated space missions which correspond 
to the previous figure. It is important to note 
that, in order to justify development of a 260" solid- 
propellant first stage, sufficient utilization of 
this stage would have to be projected so as to 
amortize the high development costs over a relatively 
large number of vehicles . 
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CANDIDATE VEHICLES FOR FUTURE 
AUTOMATED MISSIONS 
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CONCLUDING REMARKS 

This summary of future automated space missions 
has included only those missions which are relatively 
well-defined and for which we hope to initiate develop- 
ments within the next few years. A vigorous national 
space program which will maintain our world leadership 
in space may be expected to place into operation most 
of the systems I have outlined within the next decade. 
In the more distant future, we are beginning to 
identify still more exciting opportunities for the 
exploration and utilization of space. 

It seems clear to me that this program will 
ultimately pay for itself not merely in scientific 
knowledge and technological spin-off, but in direct 
savings of labor required of the peoples of the world 
in the conduct of a host of daily earthly activities. 


